In paper problem concerning modification of grey cast iron EN-GJL-200 Grade, which is realized mainly by intensification of liquid metal movement in horizontal continuous casting mould containing electromagnetic stirrer is presented. The range of studies contains influence of electromagnetic field on morphology of graphite and usable properties i.e. tensile strength, hardness and machinability. Moreover the influence of velocity of ingot pulling on microstructure was analyzed. The results of studies and their analysis show possibility of improvement in quality of grey cast iron continuous ingot firstly in result of elimination of hard spots in structure by properly selection of velocity of ingot pulling and second in result of unification of size, shape and distribution of flake graphite by application of electromagnetic field.
Introduction
Forced convection of liquid metal in the traditional mould or in the continuous casting mould has a significant influence on the crystallization process of castings. For many years, the device whose main purpose is to generate movement of the liquid metal were used. First, they were the typical mechanical or electromagnetic stirrers, used to unification the liquid metal in e.g. maintaining furnace or faster melting of alloying additives. Developments in the field of refractory materials and electrical engineering and, above all, recognize the positive effect of forced convection on the crystallization process of casting structure has brought a wider use of the magnetohydrodynamic (MHD) devices in the seventies of the last century. Generally in foundry practice horizontal or vertical electromagnetic field generated by electromagnetic stirrers which principle of operation based on construction of induction coil is used (Fig.1 ) [1] .
So far, the influence of electromagnetic fields in order to unification the microstructure has been successfully applied in the casting of ferrous-carbon alloys [1] [2] [3] [4] [5] and non-ferrous metals [6] [7] [8] [9] [10] [11] . In contrast, the paper [12] present the possibility of influence of the electromagnetic stirring on the solidifying metal to unification the microstructure of grey cast iron. It is anticipated that this procedure will allow to obtain more favorable properties as compared to grey cast iron without forced convection at the time of its solidification in continuous casting mould. Therefore the aim of paper is to present of improvement in quality of grey cast iron continuous ingot by properly selection of velocity of ingot pulling and by application of electromagnetic field.
The range of studies
To studies of grey cast iron ingots ϕ 20 mm diameter were used laboratory stand of horizontal continuous casting, which is placed in Foundry Department of Silesian University of Technology. The stand consists of three main parts i.e. melting part (Fig. 2a) consisting of a crucible induction furnace with maximum capacity of 80 kg, casting part (Fig. 2b) consisting of a 20 mm diameter graphite continuous casting mould and water cooling radiator made of chromium-nickel austenitic steel and operating in a closed circuit, equipped with water flow controls and temperature measurement system and a electromagnetic field inductor (stirrer) placed in the chamber between radiator and cover. The last part is automatic pulling machine of continuous ingot (Fig. 1c) .
The electromagnetic stirrer placed in water-cooled continuous casting mould generates rotate electromagnetic field (Fig. 1a) . Application of this type of electromagnetic field makes possible obtainment of forced convection of liquid metal in perpendicular plane to ingot axis. To fundamental steering work parameters of electromagnetic stirrer with a maximum power 3kW belong current intensity I = 10 A feeding the stirrer, which corresponds to value of magnetic induction B = 60 mT inside of continuous casting mould, frequency of supply current f = 25÷100 Hz, which at constant value of current intensity makes possible regulation of force, which generating the movement of liquid metal and in result of this the velocity of liquid metal movement in continuous casting mould.
To residual parameters of studied horizontal continuous casting process belong overheating temperature of liquid metal in furnace T = 1450
• C, temperature of cooling water in continuous casting mould T w = 70
• C at flow rate Q w = 2,5÷5 l/min in dependence of velocity of ingot pulling V = 200÷700 mm/min at algorithm of ingot movement: forward 5 s, stop 0.5 s, backward 0.5 s and so on. The minimum and maximum velocity of ingot pulling depends on the position of the solid/liquid front. An decrease of velocity of ingot pulling below 200 mm/min results in breaking of ingot by shifting of the crystallization front on entry of the continuous casting mould. Whereas an increase of velocity of ingot pulling over the 700 mm/min results in shifting of the crystallization front on outside the continuous casting mould. Then liquid metal pours on the outside of continuous casting mould. The last parameter is temperature of ingot after leaving the continuous casting mould T 0 = 300÷1000
• C, which value depend on all presented parameters. This temperature is measured directly in casting process with use of pyrometer.
Morphology of flake graphite in structure of studied grey cast iron was evaluated in bases of metallographic microscopic examinations on scanning electron microscope Inspect F. Observation of microstructure was made on non-etch microsections in fields: on periphery, half of radius and in axis of ingot.
In range of studies of usable properties were made measurements of hardness on cross-section of ingots with use of Brinell method and designation of machinability with use of Keep-Bauer method. To machinability studies was used cutting tools (borer ϕ 5 mm diameter) with identical contour and angles, which were burdened of force 350 N. Rotational speed of tools was 360 turns on minute and height of samples was 20 mm. In each investigated ingots were bored 3 test-hole and time of boring was measured. Moreover on the basis of tensile test was evaluated tensile strength UTS of studied continuous ingots.
The results of studies
On Figure 3 the influence of velocity of ingot pulling on the quantity of hard spots in microstructure of cast iron is shown. It was found that with an increase in velocity of ingot pulling the amount of cementite in the structure of cast iron is decreasing (Fig. 4) . The most advantageous velocity of ingot pulling V = 700 mm/min provides low cooling rate of cast iron, because of its short stay time in area of the water-cooled continuous casting mould. Then the temperature of ingot after leaving the continuous casting mould is about T 0 = 1000
• C, and a large part of the process of shaping the final microstructure of the cast iron takes place during cooling in air. In Table 1 are presented the results of metallographic microscopic examinations of ingots, which were cast at velocity of pulling V = 700 mm/min. As a result of obtaining a small amount of cementite and the irregular shape and distribution of graphite in the microstructure there is a big gradient of hardness in cross-section of the ingot (Fig. 5) , which consequently caused a deterioration in machinability (Fig. 6) . By contrast, the use of electromagnetic field forced convection of the solidifying metal result in increases of the unification of flake graphite morphology. This phenomenon has been advanced especially by the influence of the electromagnetic field created in the stirrer powered with a frequency of 50 Hz. Whereas the influence of the application of rotate electromagnetic field powered with the frequency different from the power network, i.e. 25, 75 and 100 Hz promotes partial unification of the graphite morphology, only in fields from about half of radius of ingot to its center. On the periphery of the ingot, occur undesirable in the point of view of usable properties i.e. machinability, short and compacted graphite, often with a different shape then the flake graphite. 
Conclusions
Based on conducted studies following conclusions have been formulated: 1. Selection of continuous casting parameters that ensure temperature of ingot after leaving the continuous casting mould about 1000 • C, allows to reduce defects in the form of fields of hard spots in structure of grey cast iron to about 1%. 2. The change of thermal conditions on the solid/liquid front obtained as a result of the influence of electromagnetic field forced convection of the solidifying metal in continuous casting mould, ensures complete elimination of the presence of fields of hard spots and leads to unification of flake graphite morphology from consideration of its shape and distribution. 3. Increasing the unification of flake graphite morphology is favored by the influence of the electromagnetic field created in the inductor powered with a frequency of supply voltage 50Hz. 4. The unification of flake graphite morphology result from the influence of the electromagnetic field provides a reduction in gradient of hardness on cross-section hardness of ingots, which leads to an improvement in their machinability, while maintaining the tensile strength UTS appropriate to grey cast iron sort EN-GJL-200 Grade.
